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Foreward

This report1e basedon the reaultsof sevenweeket

f1eldworkundertaken1n the LtikkenAreaof Gentral7;orway.

The DragastArea,that is the areato the weetof the road

ranningnorthwardefromBtoraasto DrageetMine,sts invea—

tigatedin detailby the presentauthor. However,1n

orderto gain a generalappreolstionof tho regionalgeology,

and alsoto maintainconelstencyin the mapping,sometime

was spentin studyingthe geologyof the surroundingareas.

The areasvis1tedinoludedthosemappedby Blakeand Ghadwltik

(1961),Rutter(1966),and Msy (1966). Areasocoupiedby

rookaof the BasalGnelesand Sparagmit1ancompleseswere

alsovisitedto the west of Rindal.

The detailadmapping;:asundertakenusingaer1a1photo—

graphson the scaleof 1t15,000,kindlyloanedby Orkla

GrubøAkt1ebolag. Thesephotographswere alsoused to

oonstruotthe base map for use in the finalpresentationof

the findingsof the investigations.

certainamountof dlstortion1s unavoidablein the

finalmaps,as a resultof theiroompilationfrom aerial

photographs,but it 1s hopedto subsequentlytransferthe

dataobtainedonto aocuratetonographioalmaps currently

beingproducedin Norwsy.
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Introduction

Tbe villageof L8kkenlies some70 Cm.to the south—

weetof Trondhetmin the countyof SorTrondelagtn Central

Norsy, (Map:1 and 2). The area investigatedin detail

by the authoris situatedapproximately10 Km. to the west

of Lekicen. Here,unlikemuch of the remainderof the 14kken

area,the foreetooverte relativelythinand the topograpby

leeseevere. The topograpbyie domlnatedby a seriesof

reLtively low ridgeswhiohtrendparallelto the etriksof

the achietoetty. Severalmuch higherridgesand cliffsaleo

oocur. Ths latterfeaturestend,ln genera1,to markmajor

lithologloalboundarise.

The ridgeehre oroae—cutby a serieeof north—eouth

valleye. The majorityof theseoonstituterelativelyamall

topographicfeaturee. However,others,sachae the valley

trendingnor~outh throughBjortjern,formmajor topographio

depreseions. Theseare,nevertheløss,not on the scaleof

the valleyeocouptedby L8kkenor the OrklaRiver.

The vogetationin the arimewherethe forestis not

dominantoonaletsptimarilyof graeseeand smallbushes. In

general,the rookexpoeursis very lisited,beitngoonfined

malnlyto the sideeof the ridgoe,thersbeingno exposurein

the w/leys whichsre usuallyextremely (seefrontispiece).
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Statementof the Problem

In the summerof 1966a team of studentsfromImperlal

Collegebegana detailedgeologicalinvestigationof the

areaaroundthe LekkenpyriteWine. This investigation

carriedout at the requestof P. Sandvick,oblefmine

engineerwith OrklaOrubeAktiebolag. The teamwaø super—

visedby Dr. W. Skiba. The problemof •luold,tingthe

geologyof the areawas approachedfromthreedifferent

viewpoints.

Mr. S. H. Rutterconcentratedon the structuralgeology

of the area,Mr. J. May studiedthe petrologyand geo—

chemistryof the rooks,and Mr. I. Kershawworkedin the

immediatevicinityof the mine,concentratinghis attention

on the •conomioaspeoteof the problem.

Follotingthispreliminarysurvey,the investigations

were continued,by a furthergroupof students,during

the summerof 1967. Ths presentauthorextendedthe area

mappedin detall,workingto the aestat DragsetMine.

His responsibilitisealso involvedthe collectionof struc—

turalorientationdatafor subsequentanalysia,alongwith

the collectionof rock specimensfor use in thø extension

of the studyof the geochemistryof ths suiteof greenachist

faciesrocksfoundin thisarea.
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H eto of PreviousResearch

The LakkenArea formsthe westwardcontinuationof

the Fjeldheim-Gaasbakenareawhichwas mappedin 1960-61

by Mesere.Chadwiek,Blake,Rowlingand Beswick. The

areaoonsistsbasicallyof a broadstructuraldepression

in whichmstamorphosedCambro-Silurianrockshavebeen

preserved.

H. Carstens(1952)mappedthe •nt1rearea coveredby

thls investigation,but on1yon a scaleof 1150,000. He

subdividedthe rooksaccordingto the clastdcalstratig-

raphicsuccessione.,tablishedin the regionthroughthe

workof variousNorwegiangeologists. Threemaingroups

wererecogniaedl

HovinGroup Lowerand Middle Shales,sandstones
Ordovician and limestones

StbrenOroup UpporCambrlan Metamorphosedbasio
and Lower volcanice

RtirosGroup Cambrianand Mica schists
Socambriant

Subsequently,Bugge (1954),in a generalsummaryof

the geologyof the NorwegianCaledonides,suggestedthat

in certainareasthe ittlreeGroupschistewore to be regarded

as the stratigraphicalequivalentsof the HovinGroup.

Duringthe summersof 1959-60the Drageetareawas

mappedby a Norweglanstudentunderthe dlrectionof
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ProfessorT. Strand. Unfortunatelythereie no record

of thiework exceptfor a map on the eoaleof 1110,000

showingthe geographiodldistributionof the main lithologies.

OrklaOrubeAktiebolaghavs,in the pasttwenty—five

yeare,conductednumeroueceromagnetioand •lectromagnetic

geophysicalsurveyeovera largepartof the Lbkkenarea.

Sommof the anomalieedieooveredhave beeninterpretedin

termeof kno-ngeologicalfeaturesbut in generalthe use

of geophyeicalmethodeseemato be limited.

The work carriedout in 1966considerablyincreased

the knowledgeof the arsa'sgeology. A schemeof struc—

turalhistorywas outlinedby Rutter. He emphasised,

neverthelees,thatbecaussof the largesizeof the major

structures,therewas a greatneed to extendthe investigat—

ionsover a much largerarealn the immediatevicinityof

lAkken. Varlousspecifioprtblemeremainedunsolved,

inoludingthe eetaliehmentof the axialdlrectionof the

f1 folle.

The geochemistryof the rockswas inveetigateiby May.

He aemonetratedthatnot all the rocks.eretypicallyspilitic.

N'everthe1essit was decidedthaton thebasieof the com—

binationof mineralogy,modeof occurrence,modalcompoeition

and chimmistryof the rockethatthe epiliteker.tophyrenomen—

claturewouldbe adopted. Thie practicehas beenfollowed

by the presentauthor.
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Wolff (1967)stateathathe was convincedthatBugge

was correctin his sug6eetionthatths R6rosOrouprooks

were,in theMer&kerareato the eaet,equivalentto the

Rovin—Rolondsrockeof the sauternTrondheimRegion. This

statementwas in directoonfliotwith Strand(1960)who

regardedthe "R6ros"schletsas oldørthanthe St6ronGroup

rookswhiohthøystructurallyunderlie.

In a recentpapørDietrioh(1967)describesa sulte

of ophioliteeof Up.orJurassioage fromthe A1ps. All

the rockshave beentransformedintotruegresneohists

duringthe Alpinemetamorphism. The similaritybetween

the rockelescribedby Dietrichand thosoobservedin the

L6kkenarea is truly,remarkable. A furtherfeatureof

his work is that it has disclosedthflresenceof hyaloolastites

whiohare againremarkablysimilarto rocksfoundon a pre—

liminarysurveyto the •astof Liikken. The modeof defor—

mationobservedby Dietrichis aleodirectlycomparablewith

thatfoundin the L6kkenarea.
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The Golo of Centralno

CentralNorwaymay be dividedteseentially,lntofour

dist1notgeologioalreglons(seeMap B), namelys

(1) BaealOneieees
(11) Rocksof theNappeRegion
(111) SparagmlteRegion
(1v) TronlhelmRogion

(1) BasalOneieses

Largeareasalongthe westerncoestof Normayfrom

southof Bergento aboutlatitude65% are occupiedby

gneieses. Petrographicallythe gne1seesare of the same

type as the Archeangneissesin the soutb-easternpartof

the countrytand likethesethey forathe baement of the

Cambro-Silurianrocke?rhichover110them. A fundamental

differencebetwe•nthe soutb.mastand nortinest areasllee

1n the factthatwhilethere1s a dletinotand sliarply

markedunconformityabovøthe Archeangneiseesin the south-

eaettthere1s an equallyperfectconformitybet“essnthe

Cambro-S1lurlansedlmentsand the underlyinggnelseesin

the north-mestarea. In factt1n manyareasno sharpcon-

tactecan be foundbetweenthe sedimentsand the gne1sees.

Oftedahlt(1964)in hismaper on "Thenatureof the

basementcontact%1s of the opinionthatwherethereappeare

to be perfectconformitybetweenthe basalgneissesand

the Cambro-811urianrooksthentheselatterdepositsare

in fact concordant. Thus,11this is so, then it would
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requirethatthe Pre—Cambrianrockswero sesentiallyflat—

lyingand unfoldedat the beginningof the Cambrianand lio—

Cambriansedimentation.

The datafrom the releVantareasis somewhatlimitedt

howevertand Oftedahladvanceshis theoryon the basisthat

no unconformitieshaveas yet been recognised.

(ii) ookeof the Na on

Severalareashave beenrecognisedin the centralpart

of southernNorwaywherelargeareasof rock appearto have

been thrustoveryeungersedimentsas hugenappes.

Suchthrustsheetswere firstrecognieedafterit vet

esenthat ths mitamorphicgradeincreasedupwards. At

firettthiswas interpretedas beingdue to contactmeta—

morphiceffectscausedby igneousrockeintrudedintoths

upperpartof the eedimentarypiletand laterremovedby

erosion. Subsequentlythe conceptof nappestructureswas

postulated.

In generalthisthsorywas basedupon,firetlytthe

presenoeof wellmarkedthrustplaneswithmechanicaloon—

tactsand mylonitisationtand secondlyton the basisof the

markeddifferenceein thepstrographicoonstitutionor sedimen—

taryfacissand/ormetamorphicgradeof the rocksaboveand

belowthe thrustplanes.

(111)S ite le ion

The term "Sparagmite"was inetitutedby Esmark(1829)
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for elightlymetamorphosedfeldeparrichsandstoneswhloh

occurin the Reterdalendletriot. Kjerulftook a broader

lookat the regionsAterethesesparagmitesocour. Rere,

besidesthe feldepathicsandstones,he recognisedquarsltes,

oonglomerates,shaløsand oarbonaterooks,althoughlt wate

foundthatthe areasweredevo1dof igneousrooke.

Alongtheir;:seternboundarythe eparsgmitesdip beneath

normallyoverlyingCambro—erdiviciansediments,whiletalong

theirnorth~esternboundarytheyare overlalnby the Cambro—

Ordlviolansedimentsof the TrondheimRegion,whichare most

probablyin an alloohtonouspoeltionabovethem. The south

and south—easternmargineof the areaare oocupledby the

nappesof "Auarts—eandstones"whiohre:S in an authochtonous

positionon the peneplanatedArcheansurface. Thrustoof

up to 35Km. in l•ngthare knownto existin thlearea.

The base of the type sectionof the Sparagmltesls

nowhereexposed,thereforetheirtectondopoeitionis doubtful.

Holtedahl,and laterSkjeseth(1954),assumsdthatthe spara6—

mitimdepositsof the completesuccessionsers lalddown in

depressedor down—faultedbasinein the Archeanbasement.

Hencetheywere,tectonically,ln a protectedpoeltionand

thereforetheyhavebeen but littlemovedfromthelroriginal

position,althoughqulteextenelvefoldinghas occurelwithin

the basin.

Th• dominantrocksof the northernpartof the Sparagmlte



—19 —

Regionare lightsparagmites;metamorphoesd,lightcoloured

rocks,the finegrainedand schistosevarietiesof whioh

havethe characterof flagetones.

The allochtonougpositionof the largemassesof light

sparagmitesis testifiedto in ceptainareas. Thue in

the windowsot Archeanrocksin the northernpartof the

SparagmiteRegiontheyrestwith tectoniocontactsupon the

"basaltillites"and otherauthochtonousdepositsof the

youngerpartof the SparagmitianComplex.

(iv)TrondhsimRe on

Thie regionoonsistsof a broadaxialdepressionin

whichmetamorphosedCambro—Siluriansedimentehavsbeen pre—

servedfrom erosion. The narrowsouth-,westernpartof ths

regionis connectedwith the WappeRegion,whiletat the

westernsidethe Cambro—Siluriansedimentsoverliethflasal

gneisses. Rowever,in most areastheyare separatedfrom

the basalgneissesby a bandof sparagmitianrookeof variable

thickness. At the south—easternsideof the Trondheim

Regionthe sedimentsoverlie,onceagain,the rocksof the

SparaimiteComplex.

The dominantrocksof thisregionare argillitesin

variousstagesof petamorphismrangingfrom rooksshowing

onlymechanicalmetamorphismthroughthoseregionallymeta—

morphosedin the chloritegrade,up to thoseshowingassemb—

lagesof mineralscharacteristicof the.gernotgrade.
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It is wtthinthisregionthitthsarestotlatøtbytho

authoris •ttsated.
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APProach tothe PieldMa 1

Withinthe areainvestigatedby the pre,entauthor,

høreafterreferedto as the DragsetArea, (MapsA, 2), all

the rockshavebeen subjectedto Oretnechistfaciesmeta-

morphism,ohleflyin the chloritegrade. Å. a resultof

this,all thø rooks,Whichoriginallyconsistedmainlyof

baeicvolcanicsanl sediments,havc becomeremarkablyeimilar

in appearance. In orderto maintaincontinuity,therefore,

ln the meepingof theserocks,someconeiderabletimewas

spentinitiallyin gaininga generalappreciationof the

geologyof the surroundingarea. •høassietanceof Messre.

Rutterand Sagvold,and of ProfessorT. Strand,was invaluable

in thlsreerdect.

The detailedmappingwas carriedout directlyonto

aerialphotogr&pheon the scaleof 1815,000. Theseproved

to be idealfor orientationin the field.

The extremelypoorerposurein the area,coupledwith

the lackof distinctivenesebetweenadjacentrook types,

made it necessaryto developspecialmap)ingtechniques.

The authorøventuallydecidedthatlt was mostpractical

firstto looatea lithologloalboundaryby a traverseper-

pendicularto the strike,and havingonce locatedsuoha

boundaryto traceit for as far as practioalalongthe strike.

Thesestriketraversesweresubsequent_ylinkedtogether

by the ocoasionaldip traverse. The dip traverseswers
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of very limitetivalue since,becauseof the poorexposurs

and the greetsimilaritybetwelinadjacentrocktypes,

boundarieswereoftenmiesed.

The rocktypesidentifiedin the fleldwereas followes

Flne inedbaelometavolcanios

Theserockeare greenin colour,fine grainedand basio

in composition(Plate1). They typicallysho%pillowstruc—

tares,althoughsomemaseivewarietieswereobserved. The

rocksshowvaryingamounteof stralnranging fromthose

showingpillowsthat are virtuallyundeformed(Plate2),

throughto thoserooksin whioha schistosityis carriedin

the matrixof the rook aroundthe somewhatflattenedpillows.

Finallythereare thoserockswhich,whilststillrecognisuble

as originalpillowlavas,oarrya psnetrativeschistosity

undeflectedby the individualpillows. In general,it is

noticedthat the amountof deformationsafferedby these

rocksincreasøsfrom southto north.

Wherelargeexposuresoocur,especiallyin cliffsections,

individualflowunitsmay sometimesbe recognised. However,

a lackof expoeuregenerallypreventsthesebeingtracedfor

any ddstance.

AlbiteDolerite

A distinctivebandof a mediumgrainedbasicrockwas

tracedin an east—weetdirectionfor a oonsideraoledistance
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acrossthe area. The rock consistedof albite,•pidote,

chloriteand a fibroueamphibole,and rangedin texture

frombeingmassiveto a rock earryinga ponstrativeschis—

tosity. An intrusiveoriginwas aesumedand hencethia

rocktype wus giventhe name of AlbiteDolerite.

Apartfromthe mainband of thisrook type several

smalleroocurrenceswere alsonoted.

(o) Conglomerate


A discontinuousband of • deformedconglo%erateoccare

withinthe Dragsetarea. It consistsof fragmentaof fine

grainedbasicmetavolcaniosset in a fine grainedsohistose

matrixof eimilarmineralogicalcomposition(Plate

C loriteSa st

The chiorite•chistsencounteredseemto consistentirely

of meta—sediments. In many plaoesoriginalsedimontary

structuresmay atillbe recognised,particularlygradedbedding.

Occurtencesof chloritoidsohistshavealsobeen noted.

Basic • Rook

A datkoolouredbasiodykewas tracedfor severalkilo—

metresIn an east—wePtdirectionacrosethe area. Onlyone

majordykewes located,but many othersmalleroneeof a

similarnatureare knownto existwithlnthe L8kkenArea.

enta Acid Rook

Associatedwith the majorbasiodykeand conglomerate

in certainareaswas a isdiumgrained,very lightooloured
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acidrook. This consistedof emall,diecretegrainsof

quartsand feldeparset in a fine grainedand frequently

sohistosematrir.

Mloa Schist


To ths northof the DrageetAreaand in the Rorvandet

road section,the chloriteschietspaasintoschistscon—

tainingmuscoviteand biotite. A rathersharpboundary

axistebetnen the chloritoand mica sohiste.

bauz

Throughoutthe area smallleneesof red jasperoccur.

Blus quartsaleooccuraand ln two oasea,namelyat

Dambualettetand Fjellslettet,it is in directassociation

with thinhorisonsof massivepyrite.
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Strati aD of the IAkkenArea

Two distlnotlithologioalgroupsare representedln

the areaof the investlgationes

(1)The StorenGrou

Thls groupconelets,almost•ntirely,of spilltiolavas

and tuffacsouseedimentewlthminorquantltiesof aoidvol—

cantoproductsand cherts. In pliossthe rookeof thle

grouphavebeen intrudedby a numberof gabbromasses.

(11)The HovinOrou

The HovinGroupof rocksle madøup prisrlly of sand—

stonesand shales. Someintercalationeof baslovoloanic

materlaloocurnearthe base of the succeselon. A ooarse

polygenousbrecola—conglomeratelocallymarksthe baseof

thlegroup. rhe oonglomeratecontainefragmentsof rock

characterlaticof theStArenGroupand hencethe HovinOroup

rockeare regardedas beingstratlgraphloallyyoungerthan

the St8rønGroup.

In the northørnpartof the LekkenArea oocure& esquence

of blotite—and almandlnegarnet—micaechlete. Theeestruc—

turallyunderllethe eandstonesand shalesof the Hovin

Groupand theyhave,ln the past,been regardedas comprleing

a thirdllthologicalgroupin the area,the RArosOroup.

Thle groupof rooksle structurallythe lowestin the area

and,untilrecently,it hae aleobeenassumedto bø stratig—

raphicallythe oldest. Thus the metamorphlogradeboundaries
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were assumedto he also the stratigraphioPoUndaries.

Buggs (1954),in a generalsummaryof the geologyof

the NorwegianCaledonides,suggestedthatthe RbrosGroup

eohistsare,in certainareas,to be ro6ardedas the stratig-

raphicalequivalentsof the RovinGroupof rocke.

Detalledmappingof the selimentarystructurespre-

eervedin the sandstonesand shalesof the RovinGroupto

the northof L6kken,principallyalongthe road section

fromL6kkento Svorkmo,has demonetratedthat therooko

youngoonsistentlynorthwards. Thereis no aignof any

tectoniohreakand henceit thuaappearethat the rocks

attributedto the R6rosOroupare, at leastin the L6kken

area,youngerthan the rooksof the NovinGroup.

The rookein the akken Area weredeformedand meta-

morphosedin the Oreensohietfaciøeof regionalmetamorphism

duringthe CalelonianOrogsny. Conelderahlevarlationin

metamorphicgradeand amountof deformationis observed

aorosethe area.
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illetamorphism

(a) Re onalMetamorhism

All the rocks1n the LekkenAreahave beensubjected

to metamorphismduringthe Caledon1anOrogeny. The grade

of metamorphismle entiredyof greenschistfacies1n the

area studied,rangingfromchlorite—up to garnetgrade

in the far northof the area. In the Dr,sgsetarea1iself,


only the chloriteand biotitegradesare repreeented.

The greenechistfaciesrepreente the lowertemperature

partof the Barrov1antypefacimeseries,that is a relatively

highpressurtderiee. It can eusilybø distinguiehedfrom

the highørtemperaturealmandine—amph1bolitefacieswhen

the followingcritical chars,eterieticsolelyof


the greenschistfacies,are developed;namelychlor1te,

st1Ipnomelane,pyrophylliteand chlorito1d. Zoieiteand

epidoteare not restrictedsolelyto the greensch1stfacies;

however,the assemblagesoisite/epidote4.albitedoee characes

time lt.

The plagioclasefeldeparis entirelyalblte,havingan

An. contentof lessthan 7.%throughout,more basieplagloo—

lasesbeingunetablein theBarroviantypegreenschietfacies.

Thremeub—facieswithlnthe greenschietfacleshave

beenriscognised.fheyares

(1) Quarts—c.lbite—muscovite—chdoritesub—facies,cor—
respondingto the chlorite—soneof the petrologiste
in Sootland.



— 31 —

(11) Quarts—albits—spidote—b1otitesub—facies,whioh
representethe biotite—sone.

(111) Quarts—albite—spidotil—almandinesub—facies,
correspondingto ths lowertemperaturwpertof the
garnetsoneas well ae to the •pidote—amphibolitsfacies
of Eskola.

(1) arts—Albits—Muscovits—ChloriteSuh—faciøs

Mostof the rockein the Dragsetareahavs beenmetamor—

phosed1n thissub—facies. 7he mineralst11pnomelan.is

reatrictedto thissub—faciesand is developedin thoserocke

of aultablechemicalcomposition. For thismineralto be

leveloped,the originalrockmust have beenrich1n 1ronand

at the sametimeimpoverlehed1n magnesiumand aluminium.

Thustwhen the amountof ferrousironpresent1s not

essentiallygreateras oomparedto thatof magnes1um,only

chlorite1e generated. On the otherhand,1f suffiolont

amountof aluminium1s presentalongwithferroue1ron (more

aluminiumthancan be takenup 1n muscovitetbaragon1tet

feldsparani chlorite),thenthe alumlniumrioh 1ron—alum1nium—

silloatephasechloritoidcomesintoexistencs1n lieuof the

aluHiniumpoorstilpnomelane. Zen (1960)has pointedout

that etilpnomelaneand chlorltoidare not foundto ocour

together,muchrathertheyexcludeeachother. The mutual

1ncompatiellity1s howevernot dictatedby any particular

set of physica1conditionsliketemneratureor pressure.

This is solelytheresultof & "chem1calcontrol".

Winkler(1965)statesthatthe mineralparagenesis
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characteristicioforiginalgubbroiorookeconsletsof albite+

epidote+ chlorite+actinolite+ephens* stilpnomslans+

quarts.

(11) uartz—Alblte—idote—B1otiteSub—facies

To the northof Dragestand Lakkonths gradeof metamor—

phismreachesbiotitsgrade. However,it mustbe pointed

out that not all the rockemetamorphosedin thle sub—facles

do in fact containbiotite,but onlythosewith the appropriate

chemicaloomposition.

In thie eub—facies,originalgabbroicrockedevelop

a mlneralaseemblageconsistingof chlorite actinolite+

•ptdots 4- albits* sphons quarts — blotite. Stilpnomslane

is not etablein thissub—facies.

(111) arts—Albite—Eidote—AmandineSub—facies

To the northof the area shownon Map A, abtandine


garnetebegin to make theirappearancein the rockeand the

tromolite/actlnoliteis replacedby a greenpleochroicamphibole

whlchseemsto be hornblende.

This bornblende1s the stablephasebut the Mineral

1s alsodevelopedin the loweetsub—faclesof the greenschist

facies. Herc the hornblendeie metastable,and 1t would

appearthat lt hes beenunsteblefromthe momentof its f1r,t

appearanos. Accordlngto Ostwald'sLaw,suchphasestend

to oryssallieein preferenceto trulystablephaseswhen

thelrappearrinceinvolvesILinhrnaldisturbanceof the internal
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struotureof the reactingsystem. It is by thisprocess

thatthe hornblendeis generatedas a metastablephasein

the albite—musoovite—ohloritesub—facies.

(b) ContactMetamorhism

Thereappearsto be no •videncieof contactmetamorphism

of the countryrookearoundsitherthe basiodykesor the

albitedoleriteintrusions. Rutteralsoreportsthatthere

is no •videnceof contactmetamorphismaroundthe gabbro

intrusionswheretheyoertainlywouldoeexpected. This

wouldseemto suggeetthatths gaboroswere intruded•ither

beforeor duringthe spisodsof regionalmetamorphismwhich

wouldthencauseall evidenceof contactmetaorphismto

be obliterated.

(o) Ori n of the Albitein the BasioMetavoloanies

The plagloolasefeldsparpresentin the basiolavaa

in the Dragaetarea is •ntirelyalbite,havingan An. content

of lessthan This albitemay have beendevelopedfrom


originallymore basicplagioclaseduringthe regionalmetamor

phismaocordingto the reactiont

plagioclase---)albite+ epidote

On the otherhand,it may representa primarymagmatio

minsralas has beenoftensuggestedin the past,or finally

it may be a secondaryproductdue to sodametasomaLism.

?Itrnerand Verhoogen(1952)discussthe feasibilityof these

variousalternativemodesof formation,(pp.266).
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In the Dragsetarea,the albiteappeareto be entirely

esoondaryafter øre basioplagloolaseand in thlearea

ther.apnearsto be no evidenceto euggeeta magmaticorigin

for the albite.

As irstno evidencehas been gainedin the LekkenÅrea

to suggestwhetherthe obeervedmineralassemblageeare

•ntirelymetamorphicin originor whethertheywore a product

of metasomatioalterationand ihat themindealaseemblage

thue producedwas stablein ths greensohistfaciesof

regionalmetamorphism.
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Descritionof the DetalledGeolo of the Area

The StbronGrou

The baelometavolcaniosof the 1.8kkenArea,whichoon—

stitut•the StarenGroup,form the coreof a synformal

structure,referredto as the L8kkenSynform.

Muohof thisthicksequ•nceof rocksoonaletsof spilitic

pillowlavas. Massivelavas,basictuffaceousbels,con—

glomeratesand lensesof red jasperoccurin minorquantities

as intercalationewithinthe sequence. Thin bandsof pyritous

blackshalee,locallycalled"vaeskis",are alsoquitecommon,

but sinoethey are thinttheyare only liscoveredwherefavour—

able exposureeoocur.

Severalthinbandeof massivepyriteoccurwithinthe

basicvoloanioproductain the Drageetarea. Suohbande

ocourat Dambuslettetand Fjelleettet. In both cases,the

massivepyriteis in directassociationwithblue quartsand

vasekie. Rowever,at othørlocalitiesit ie foundthat

vaeskiemay occuralone,that,iswithoutthe associatedmas—

sivepyrite,but the conversedoes not apply. The mainpyrite

ore—bodies,whiohoccurat L8lcksn,Drageetant Holdal,are all

assoolatedwith'vasskis.

The areamappedby Rutter(11;66)is far ,oredensely

foreted thanthe Dragsetarea,and is thereforenot so sell

exposed. Rutterreptiitsthat the interoalationsof the

variouseotherrook typeewithinthe basio!..etavoloanicsare
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"neitherlaterallycontinuous!:orvery thick". Re adda

thatit has henceprovedimpossibleto stratigraphioally

subdividethe fine grainedrookswithinthe SteirenGroup.

/n contrastto this,the presentauthorhas, in the Drageet

area,traceda virtuallycontinuousband of conglomerate

aroundthe hingeof the f2 synform. Bandsof albitsdolerite

havealao been tracedfor someconsiderabledistance. In

addition,varicusdistinotivebandsof spilitiolavashave

been reco6nised. Suohbandeincluderook.containingvir-

tuallyno epidote,and othersexhibitingno pillowstruciures

but havingan extrewelyhigh deneity. Suchbandemay prove

capableof beingtracedif extrianolydetailedmaapingof

the area is undertaken. Sucha projectwouldrsquireclose

istudyof literallyeveryexposureand as suchwouldbe

extremelyelowand tedious.

Beforesuoha projectas thiewas undertaken,it would

be necessaryto •volvevariousreliablecriteriafor die-

tinguishingbetweenthe oloselysimilarrock types. It

wouldaleobe necessaryto establishhow muohvariationin

thesecharacteristiceoocuredwithinindividualflows. If

appreciablevariationdoes occur,then,on the groundsof

poorexposure,it will be2impossibleto map out individual

flowa.

It is alreadyknownthat individualflowunitsmay

exhibitpillowstructuresat theirbaseandyet be massive
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at theirtop,presusablyrepresentingeruptionof ths lava

intoextreselyehallowwater. Hence,the presenceor

abeenoeof pillowsis not a reliableoriterionby whioh

to idantifyindividualflowunits. The currentstudies

on the geochemicaland petrographicvariationwithinsingle

flows,boingundertakenby Dr. W. Skiba,may determinethe

feasibilityof the individuallavaflowsbeingmappedout

and a stratigraphicsubdivisionof the SterenOroupboing

evolved.

In oertainlocalareas,it has alreadybesn possible

to delineateindividualflowsfromtopographicfeatures.

Thislis,however,impossibleon a regionalscale. Topo—

graphyis, nevertheless,a veryusefultool in themapping

of certainmajorlithologicalboundaries. Thus the southern

boundaryot the spilitiolavasis markedby an extremely

prominentoliff,and the majorband of albltedoleritefol—

lowe a well developedtopographiodepressionwitha prominent

oliffon much of its northernsids (Plateø).

Care mustbe exercised,however,in tha interpretation

of the etructuralsignificanceof the bandeof albitedolerite.

This,unlikethe conglomeratebands,probablydoesnot repre—

sent a stratigraphichorizonsinceit is estremelylikely

thatthis rock ie in fact intrusivein origin,and henceit

is to be expectedthat thisrook typøwill showoross—cutting

relationshipe.



All thewocks in the StOrenGroupwithinthe Likken

Areahavebeen metamorphosedin the Greernachistfaciøsof

regionalmetamorphism. Nevertheless,wherethø rockeare

only slightlydeformed,primarystructurosand textures

are preserved. The pillowswithinthe lavasaro :,ørhaps

the best prøservedof all the primarystructuresin the area.

Whørethe pillowsare virtuallyundeformed— thetYPe

localityfor this occurwabout1 Km. southof the roadbridgo

over the OrklaRiverat Dragsetmoøn,on the oestermsideof

the river— the localyoungingdirectionof the bedscan bø

daterminød,with a good degroeof certainty,from the shaps

of the pillows(Plate5), However,ad ths pillowsbecomps

progressivelymore deformed,thøygraduallylosøtheir

originalshapeandbeglintotakeup a shapeand orientation

determinødby the principalstressøsactingupon them. By

this process,the pillowsare graduallyextendødin an

approximatelyeast—westdirection,and are flatterødin the

planoof the sohistosity.

The pillowsfrequentlyshow an internalconoentric

soning. Thø outerrimsof the pillowsconsistof a thin

sone,up to 4 om. in thickness,of chlorite. Withinthie

is an ePidotorich sone. This may attaina thicknessof

up to 2 om. &nd withinit øpidoteinfillødvesiclesmay

sometimesbø distinguished. Thø coreof the pillowstypically
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consists of a flne grained intergrowthof actinolite and
tremoliteneedles, albite, chlorftteand epidote (Plate 6).
Where the rocks are quite intensely deformed, then in many
cases the only wey of recognielngoriginal pillow lavas iP

by the presence of the infillel vesieles (Plate 7).

The proportionsof the vaoious mierals preoent in
the snilitic lavas varies quite extensivelythroughout the
area. Thls varlation tends to produce correspondingvariat—
ione in the oolour of the rocks. In general, large amounts
of albite and epidote produce a light green colouration;
whilet chlorite,when abundant, glves the rook a wuch darker
colour. It is because ot thla factor that the rocks cannot

bø divided into individualflow units on the baeis of colour
alone, eince any slight difførentiationwithin a flow way
produce quite significantvarlations of oolour. Thess
colour variations can frequently be observed on the scale
of a single erooeure.

Within the St5ren Oroup thøre le a limited cocurence

of acid voloanio rocks. In the Prageet area, these are

totally absent, except for a thin band of a fragmentary
acid rock. However, in other parts of the Lekken Area
rocks do occur in several geographicallyseparate localities.

Rutter has described thebe acid metavolcanicsas

quarta—keratophyres,following the descriptienof the soda—

rich basic rocks as spilites. He has mapped two areas
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of acidrooksin the 121kkenAreaand a thirdis belleved

to oocurto the west of ths Dragsetarea. It may be sidfr

nificantthatall thøserepoirtedoccurencesof aoidrocks

lie very closeto the axisof the f2 L8kkonSynform.

Ths acid rocksmostcommonlyformlenticularinter—

calationswithinthe basicmetavolcanics. Theyvary in

thiokneesfrom1..20m. Pinebandingand fragmentarystruc—

turesare quitecommonlyobservedin the thinnermembers,

whiohare generallynon—porphyritic.

The acidfragmentaryrockwhichoccursin the Drageet

area is a very lightoolourelrock,whichin partsis extremely

echistose. It consistsof fresh,angulargraineof quarts

and anorthoolaseset in an alteredgroundmass consisting

of albiteand epidote,pseudomorphedafterplagiociase(Phate8).

The epidoteis very fine grainedand it foriea retioulate

patternwithinthe albite. Occasionafly,ghostsof the

originalplagioclasecan be seen,but theseare rareand more

usuallythe groundmase is uniformin texture. Thisroek

probablyrepresentea tuffaoeousdeposit.

A somewhatdiscontinuousbandof conglomerateoccurs

withinthe soilitiolavasin the Dragsetarea,although

severalsimilarbandshave beenmappedelsewhere. These

consistof tragmentsof the finegrainedspiliticlavaeset

in a fine grainedmatrixof similar;4neralogicalcompoeition.

Much secondarycalcite000ursin thisrook typeas well as
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in mostof the otherrook typesin the region.

In the bandof conglomeratemappedby the author,the

frag=ent were -!tieup entirelyof the basicmetavolcanics.

The fragmentsranLy1in sigequiteeflensively,reaching

a maximumdi,s:aeterof 8 ine. The tatrixand fracrents

hardlydifferedat all in mineralogy,andyet the fragments

tendelto weatherlesereadilythan the matrix. As a result

of thiethe fragmentsstoodout in relleffrom the weathered

surface,thusgivingsuchsurfacesa typioalconglomeratic

appearance(Plate9). This differentialweatheringprobably

raflectsthe factthatthe matrixcaries a echistosity

producedduringths deformationof the rook,wh•reasth•

fragmentshaveremainedmassive. Hence,the matrixwas

leftmore ausceptibleto weatheringthanthe fragments.

One of the :Ioetdistinotiverooktypesin the area

studisciwas tho modiumgrainedbasicrockwhichformeda

oontinuousmappablehorisontrendingfor approximately10 Km.

in an •ast—westdirection. Thisrock,with virtuallythe

Batilsmineralogyas the spiliticlavas,has beenreferredto

as albitedolerite. Ispartfromthe mainband,several

subeidiaryoccurrenceswere noted.

The rook ie madeup of clustersof a green,pleochroic

amphiboles..4tin a aLasof chieflyeuhedralepidote,albite

latheand intersti‘ialohlorite. The greenpleochroic

amphiboleand the stilpnomelane,whichis alsopresentin
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minorquantitiestappearto cross—cutthe otherminerals

and thus theseprobablyrepresentsecondary,metamorphic

-inerals(Plate10). Leuooxeneis aleopresenttand from

the ghostcleavagepreservedwithinit it wouldappearto

be secondaryafterpyroxons.

The stilpnomelanesuggeetsthatthe rockehavebeen

metamorphosedin the chloritegradeof regionalmetamorphism.

Howevertat mucha graleof metamorr,hlemths appearanceof

the greenpleoohroloamphibole,whichseemsto be hornblende,

wouldnot be expected. Turnerand Verhoogenrecordsimilar

occurrencez:of hornblendeand statethatt"it is by no means

uncommonto find scatteredgrainsof metastablegreenhorn—

blendepseudomorphedafterigneousaugiteor brownhornblende.

Appearanoesof hornblendeas a transitoryphaseinvolves

relativelyelightchangesin previouslyexistingepacelattices

of pyroxenes". Whetheror not the widespreadoccurrenceof

hornblendein the albitedoleriteis analogouswith the

"scatteredgrains"of Turnerand Verhoogenås a matterof

personalopinion. Howevert1f it is not sot someothør

explanationmust he foundfor the associationof thesesup—

posedlyincompatibleminerale.

The albitedoleriteis thoughtto reprepenta feeder

dykefor the spiliticlavasof the StbrenGroup. The ocntaot

of the albitedoleritewith the basiclavasie exposedat

severallocalitiestand in most casesthe contactsare høre
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seento be eharp(Plate11). There is no evidenceof either

ohillingof the albitedoleriteor contactmetamorphiemof

the countryrookat the localityillustrated. Nowever,

eleswherethe dolliriteis ::oticedto becomefinergrained

and morevariablenearto ite margine. The boundarieeare

aharpin goneral,but gradationalcontactsdo occur. It

may be that in thesscasesit ie the chillingof the albite

doleritenearite marginsthat ie oausingthe dykurock to

take on the appearanceof the spiliticlavas. It is reemon-

able to aseumethatoertalnothercontactphenomenonmay

have beenpartiallyremovedby the regionalmetamorphism.

The conclusivepleceof •videnceto suggestthetthe

albitedoleriterepresentea feederdykerectson the occur-

rence,about2 Km. to thenorth-eaetof Storaaa,of a rock

that appearsto be a truevolcanioagglomerte. This ie

completelyencloaedby the albitedolerite,and it appears

to be completelyundeformed. It consietsof thoroughly

angularfragmentsof baeiclava. Åll the fragmentemake

directphysicalcontactwith theirimmediateneighbours.

A furthereignificantfeatureie thatthe widthof the

albitedoleritodyke seemeto be directlyproportionalto

the widthof the outoropof the spiliticlavasof the laken

Synform. Thue,lt seemeprobablethat the quantityof lan

eruptedwas directlyproportionalto the dimensioneof the

feederdyke.
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Thø StdromOrouprookealsooontalnlargemasseeof

cuplferouspyrite. The largestof theseoutcrops1e at

LI5kken,whereit is ourrentlybeingminødby OrklaOrube

Aktiebolag. Smallore—bod1esaleooocurat Dragmetand

Hoidal,both of whlohwereformerlyworked. Neitherof

theseminesare 1n ourrentproduotion. Pyrite1s a univer—

sal socessorymineral1n all the rooks1n the area.

In additionto the previouslymentionedore—bod1es,

thinnerbandsof massivepyriteoocurin the LekkonArea.

Tsc suchbandswere locatedby the presentauthor1n the

Dragsetarea,and both of theseappearedto havebeen worked

at the surfaceto a minordegreeat sometlmsduringthe

past. Bandeof about1 ft. in thloknesswere studiedat

Dambusløttetandrjølelettet. Thø authorfeelsthat it

is signiflcantthat in boththeseoasesthe massivepyrlte

was aesoolstedwith silicaand vasekls. In theseand all

otherreportedc.ses,the massivepyrlte1e foundto occur

togetherwlth quartsand vassk1s; however,boththeselatter

rook typesareknownto occurextensivelyalone.

At Dambuslettet,themassivepyriteis alsoassocisted

with a band of mass1vemagnetite. Høre also,a thrustcan

be recogn1sed,and withinthe aasoclatedfracturesonefrag.

mentsof jaaperhave beencomentedtogetherby crystall1ne

magnetlte.

The jaeperlønst:are extremelycommonthroughoutthe
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regdon. Thøy are chieflyconfinedto the StbranGroUP

rocks; however,somezalsooccurwithinthe ohloriteschists,

especiallyon the junotionbetweenthe metavolcanicsand

the metasedlments. The jasperhas an intensered colour—

ation,evønon weatheredeurfaces,and 1s thereforeeaslly

recogn1sed. At a localityof about3 Km. to the northof

Storaas,the jaspøris Deingworkedcommercially. The use

of the jasperas a sourceof pure gilicafor smeltirgpur—

poseshas beoninvestigated,but mostof the localoccur.

rencestendto containtoo much phosphorusto makesuch

propositionfeasible.

The 1ndlvidualgra1naof quartswithinthe silicavarlet-

1es •ncounteredfrequentlyshoflnduloseextinction,indlcative

of strain. Therealso seemsto be a suggestionof the graine

showinga preferredorlentationbut as yet no detailødstudy

of the petrofabricehas beenmade.

An extensiveurobramm of rock samplingwas undertakon

withinthe StbronGroupto providesamplesfor gliochemical

1nvestigation. Severalproblemsare to bø investigated,

namflys

(1) Variations1n chemistrywithinind1v1dualpillows,

(11) Var1ationsof Chemistrybetweenp1:lowsof cosb-
parableslzoand amountof deformation,but fromdifferentipositions1n an individualflow,

(111) Varlationein the chsm1stryof piliowsof differ—
ing elzesfromcomparablepositions1n an ind1v1d—ual flow,
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(iv) Variationein the chemistryof pillowewhich
have suffereddifferentamounteof straining.

These investlgationeare to be Oarriedout chieflyon

the basieof eodacontentdeterminatione,altheugheeveral

speolmenewill havea:fullenalysieoarriedont upon them

in orderto try and eetablisha relationehipbetween bulk

geochemietryand sodacontentof the rocke.
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The HovinOrou

The HovinOroupof rooksoonsistealmostentlrelyof

sedlmente,manyof whichare tuffaceousin nature. The

rocksin the LekkenAreamay be oorrelateddirectlywith

thoseof the neighbouringFjeldheimregionto the •tet.

Thie enablesthe unfoselllferousrocksln the LøkkenArea

to be assignedan Arenlgtanage followingthe identlfioation

of Areniglangraptolltesln rooke,at & stratlgraaloally

equivalentlevel,nearPjeldheia(Blake,1962).

The loweetmemberof the HovinOrouple a breocia-

oonglomeratewhiohtmmediatelyoverllesthe basiolavasof

the SterenOroup. The conglomerateis highlyvariableln

lateralextentand thickness. It appearsto huvebeen

derlvedby raplderosionof StOrenOrouplavuefollowing

a perlodof rapiduplift. Petrographically,the oonglomerate

ls entlrelycomparableto the laterallyequivalentFjeldhelm

Conglomeratewhichwas describedby Chadwickot al., (1964).

In the L8kkenArett,the breocla-conglomerateis over.

lalnby a series:ofsandetonesand ehales,whichare often

bandedso thatthe angulardtvergencebetweenthe beddlng

and the oleavagemay be disoerned. Beneaththebridgeover

the riverat 'Atoraas,two foldeoan be reoognleedin the

beddedHovinOroupsedtmentsusingthe eaellyinterpreted

bedding.oleavagerelationshipe.
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Ocioasionalliy,a ooarseningof grainsdieproduces1nter—

calationsof conglomøratewithinthe series. Mostof the

gralnsof the sandstonesare.11thic,and thøyare very

poorlysorted. Thessrockswere clez.rlylalddown1n an

unstableønvironmentas øvidencedby the comLonocourrence

of gradedbeddingin the sandstonemimbers.

The sandstonsand shalee6r1esoutcropson both thø

northermand southørnflanksof the LekkenSynform. In

the south,thseerocksare mstamorphosedto chlorit•grade

and they are almostundeformed. Hence,primarysel1men—

tary structuresare wøll preserved. To the southof Dragset

the highøstpartof the sequencebecomesa hematitcrich

shalø. On the northørnflankof the LekkenSynformthe

metamorphicgradeis high ohlordte,and the deformatdon1e

much stronger. The shalycomponentsof the seriesarø

reconstitutedto ohloriteschists. Metamorphicsegrtgation

has takenplacegivingriseto bandsalternatelyrich dn

ohlorite,oalcdtsand epidote. In contrast,the morsmaselve


sandstonebandestillexhibitclearlydefinedgradødbedding.

Chloritoidechistewerefoundto occurat two looalities.

To the north,the auccessionpassesstrat1graphioally

upwardsintoquarts—albite—mioasohists,the transition

beinggradational. riddehighergradeof metamorphismexper-

1encedby thedemloa schiett.has resultsd1n the destruction

of someof the primarystructures. However,fromthose
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stillreeognisablethesesohlstswouldalsoappearto

reprøsentoriginal:•ediments,somewhatpoorerin baslo

voloandoproduotethanthe older,adjacentsediments.

The metamorphiogradereaohesblotItesub—faclesin

the outeropof theseschlets,and øvenfurthernorth

almandinsgarnetsbeginto appearin the rooke.

It woulda-4:pearthat the metamorphioisogradsout

obliquelyaorossthe fl fold structuresfrom the way ln

whiohthe metamorphiogradøihoressesln the direotionof

stratigraphioYounging.
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IntrusiveRooks

In the LftkenArea the StbrenGrouprookaare intruded

by severallsrgegaabromasses. It wouldappearthatthe

intrusionof thøsemaesseoocurredat an earlystagein

the orogwnicactivityand was possiblycontemperaneouswith

the,wruptionof the basicvoloanicm. No gaboromasses

occurin the Dragsetarea.

The gaboroshave beenmetamorohosedwith the country

rocks. Thiehas resultedin the obliterationof any con—

tc.oteffectswhiohwouldnormallybe •xpeotedaroundauch

masses; however,the primarygaborolotexturehae been

preservedin the largermasses,but pseudomorphedby new

minerals.

The smallergaboromasseshavebeen deformedand have

locallydevelopeda sohistosity. In contrast,the larger

massesdo not appearto haverespondedto the tectonicstressee

and thus thøy show no intørnaldeformation.

The gabbroeappearto haveoriginallyoonsistedof

calcioplagioclassand augitepyroxene. Pracesof primary

pyroxeneremainin some parteof the,gabbro,but in most

cases it has been completelypseudomorphedby a mixtureof

tremoliteand a greenpleoohronioamphibole,probablyhorn—

blende. The oaloicplagioclasehas beenreplacedby an

intergrowthof albiteand •pidote.
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The gabbroMisses,wherethey are sufficientlysoll

exposed,showextensivebanding. Thispriaarybandingis

particularlywell seenwithinthe,LikkenMino and is pro—

ducedhy alternationsof feleicand maficrioh bayers.

Suchbandingis foundin all the gabbromasses,particularly

near to the margine.

Rutter(1966)has reportedthe existenceof grano—

phyrioaonesaroundsomeof the marginsof the metagabbro

aissee.

A very distinctiveporphyriticrockis developedto

a limitedextentin the bakkenArea. This is rathøreimilar

to the RolondaPorphyritedesoribedby Chadwioket a1. (1964),

and whichoccurevery extensivelyseveralkilometresto the

east of Lekken.

In the LekkenArea,smallstock—likemassesand orose—

outtingdykes000urtogetherwith lentioularbodies,thess

ocourrencesbeingentirelyconfinedwithinthe metavolcanios

of the StarenOroup. In oontrast,in the Oaasbakkenarea

the Holonda-orphyritesare most axteneivelydevelopedin

tho lovsrPartof the HovinOrouP. A controversy•xista
ae to whethørthes•rocksare intrusiveor whetherthey

representlavaflows. From the evidence,it wouldseem

that theyere eitherintrusiveor elsetheirdevelopment

epans a considsrablerangsof time.
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Baslodykseare quiteeztensivelydevelopedthroughout

the lAikk•nåtrea,withlnthe StBrenOroup. Onlyone suoh

dykeprovedto be sufficientlyext•nsiveto be traoodføk

any distanee. This oocurredsome3 La.to the northof

Storaas,and lt was tracedfor approximatfly3 Km. in

weeterlydirection.

The rookwas ratherdark in colour,and finegrained.

Mineralogically,it consistedof latheof albite,up to

2 am. in length,alongwith anhedralgrainsof •pidoteset

in a fine grainedgroundwassof albite,epidoteand oblorite.

Metamorphioetilpnomelanewae alsopresent,showingits

typicalintensepleoohroismand bow—tiemodeof occurrence.

Ths albiteappearedto be relativelyfresh,and it did

not containthe finegrainedepidoteinolusionsøo often

presentin seconlaryalbiteafterplagioclase. Sowever,

the lathsof albitedo containnumerousoolourleebinclu—

sionswhlchshowhighrefractiveindices. Someof these

appearto be of tremolite,but othersseemto be of plagioolase.

Thus, in thisrocktype alsothe albiteappearsto be secon—

dary afterplagloolase.

A majordykeof albitedolerits,alongwith several

smallermasses,occurwithinthe StOrenOrouprocks. This

rook appeareto be intrusive,but sincethe intrusionseems

to havebsenoontemperansouswith the eruptionof the spilitio
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StruoturalGeolo

At leasttwo stageeof deformationare recognisable

in the LffickenArea,the two beingcapableof recognition

accordingto the associationof structuresthattheyhave

produeed. Theseetructuresare AndicatAveof the stylø

of deformation. A thirdetageof deformationmay be

inferred,but this had on1yvery minoreffectson the over—

all etruotureof the area.

(a) The earlierfolds,fl.

The moetobviousAndicatorof the earlydeformation

is the preeenceof a penetrativeschistoeity. Thls ie

esento be parellelto the axialsurfaoeeof meallfolde

1n rockswhiohexhijAtprimarybandingparticularlywell.

Ruchfoldeare only semnon the scaleof a singleexpoeure

wherethe beddingis thin,(10oce.or less)as in the sand—

stoneeand shales,or wherethey affectquartzveine.

rmallecalefoldof f1 are neverseen in the thickmeta—

voloanicsof the StbrenGroup.

Withinthe chloriteand biotite—aicaschisteexpoeed

alongthe Rorvandetroad section,thøreis abun:antevidenoe

of f1 foldingpreservedin the formof foldedquartsveins.

Thessveinsrepresenta foraof primarybanding,einceit

woullappearthattheywere formedpriorto the earliest

f1 deformation. The f1 sohistosityoan be seento be

parallelto the axialplanesof thesefolds (fig.1).
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On thleroad sectlonalso,beddedsandstonesand shales

were exposed,and ialthintheeeminorfl foldsoculdbø det—

ected.2inth• thIn sandstonehorlzons. The gymmetryof

thøsefoldsoouldbe determlned,but the llmitedoccurrence

of suchfoldsmndølt virtuallyImpossibleto map out the

majorstructuresfromthøserelationshipsas determinød

from thls prellmlnarysurvey.

Foldsof f1 age can alsobø inferredfrommappadbedding—

cleavageand way—upcriterlaln beddødhorlzons. Oraded

beddingrelationshipsare especlallyusefulin thisrespect.

It is also possibleto map out a set of flat lying,nappe—

likeoverfoldsof f1 age thathave beenrefoldedby thø f2

movements(seeBlocicDIagram). Muchof the øvldøncefor

the szistenceof thesemajorfl structureswas obtalnedfrom

the studyof the road sectlonbetweenLiikkenand Svorkmo.

Furthermors,detallødstudløsof the Rorvandetroad section

may disclosethe presenceof eimilarmajorf1 structures.

Å tightfl synollnehas beenrecognieedin the Hovin

OrettesedlmantsnearStoraas. Thle gynclinøprovedto be

antlformal;thlsoonflictswith the findingsof ChadwIck

artal. (1964)alongthe easternoontinuationof the sams

structure.

Onlythe fl phaseof foldingseemsto have produceda

mignifloantamountof internaldeformationwithinthe rocks.

Deformedpartiolesare seento bø flattenødin the plansof
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the f1 echistosity;and the shapeof euchfeaturesas

pillowetructures,gas vesicles,epheruliteeand conglom—

eratepeoblesoan he used as potentialindicatoreof the

amountof internaletrainsufferedby the rocks. However,

it is extremelyunli<elythattheeefeatureswereoriginally

sphericaland lt ie to be ratherexpectedthat thesenon—

sphericalparticlesoriginallyposellasedsomekindof fahric.

Nevertheless,wherethe rookshave beenhighlystrainedthe

long axesof thesepartiolesmay be used to indicatethe

direotionof maximumfiniteextensionin the rocks. Such

measurementeof the f1 stretchdirectionindicatethat it

is approximatelyparallelto the axialdirectionof the fl

foldsand frombeddings.oleavagsintersectionlineationsin

the beddødsedimentaryrocks.

The rookemost frequentlydo not ahowa pronounced

minerallinaltion. Thereare exceptioneand herethe

llneation,as before,iø parallelto the fl foldaxes. More

commonlyhoweverthe fibroueand aoloularminerale,partiou—

larlytremolite,lie in the placeof the fl schistoeityand

ehow a randomorientationwithinthie plane,thuegiving

rise to the characteristio"OarbenSchifer"texture.

Oreatoareis requiredwhentakingorientationmeaeure—

menteon the pillowlavaor conglomørateoutcrope. Firet

it ie neoessaryto carefullydistinguishprimarylayering

from schistosity. Undeformedpillowlavastendto be slightly



- 65 -

flattenedas a resultof the superincumbentloadduring

the 000lingafter.eruption. This givesrise to a measure—

able "primarylayering"of the flow. DurIngdeformation

-thisis obecaredand replaoedby a flatteningof tba pillowe

in tba plansof the schistosity(Plate12) whiohmay or

mey not oolnoldswith the priaarylayering.

The earlieststagein the deformationof the pillowa

seemeto be a rotationand interlockingof the pillows.

This resultsin the formationof slickensideson the ohloritic

surfaceeof the pillows. Furtherstrainmustbe takenup

by the internaldeformationof the pillowe,thuethe whole

oillownow beginsto ohangeits ehape,as aleo do the inter—

nal etruotureseuchas the vesiolea. Eventuallya echis—

tositydevelops. At firetthieis oarriedeolelyby the

matrixaroundthe pilloweand thusths schistosityis def—

lectedaroundthe pillows. At hlgherstralnethe pillows

themeelvestakeon a penetrativeschistosity.

All thesestagesare representedin the pillowlavas

of the LekkenAreabut it le foundthat,in general,few

of the pillowsshow no straining. In fact it is feundthat

it is only in the southof the areanear Storaasthatundef—

ormedpillowsare foundand it can be seenthat the amount

of strainingincreasestowardethe north.

A eeconddifficultyariseswithinthe collectionof

orientationdatawithinthe StlirenGroupof rooks. It le
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foundthatthe massivelaw.eoan be cut by two jointsets

whichbreakup the rook intorhombicjointblooke. These

may vory easilybe mistakenfor pillows,and oftenthe onIy

featurewhichdistinguishesthøsejointblooksfrompillows

iø the absenc•of the conoentricsoningnormallyassoolated

with the aotualpillows.

The oonglomeratesfoundin the lack•nArea are also

frequentlydeformedand the :leasurementof the longaxes

of the pebbleeagainshowe•a paraliellemwith the axial

direotionof the f1 folds(Plates3 and 9). The basalcon—

glomerateof the HovinGroupcontains,in additionto the

more usualvoloaniofra6ments,pebblesof jasper. These,

unliksthe voloanios,whichdeformedalmosthomogensousIy

with thematrixto produoegoodplanarand lineurfabrics,

tend to haveresisteddeformation. Consequently,the schis—

toeityin thematrixis seento be deflectedaroundthese

rigidfragments. Underconditionsof lessstraining,the

schieWity is deflectedaroundthe spilitefragmentsalso.

In suohoasesthe schistosityis carriedsolelyby the matrix.

(b) T ø laterfolds,f2

Unlikethe fl folds,the f2 foldedo not appearto

have froducedany stronginternaldeformationof the rocks.

There is no associatedmetamorphiem. Thø largescale

flexureof the LtIkkensynform(a synformalantioline),is

the most importantf2 struoture. To the northof this is
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a oomplimentaryantiformwhichis not es well defined.

The orientationof the schletosityplanes(fig.2)

showthat the LtikkenSynformim an openfoldwithan apical

anglsof about85°. It has essentiallyplanarlimbsand

a sharphings. A structurewhichappeureto be thisf2

hingeis exposedwithinthe Dragsetareaand herethe hinge

can be eliento be quiteshnrp.

The geographicaldistributionof the dip valueeof the

f1 schistoeitysurfaceeindicatsethat secondorderainor

flexureeof the orderof 100 m. wave lengthoccurin the

moregentlydippingpartsof the f2 majorstructures,for

example,on the southernflankareasof ths LökkenSynform.

In the more sohistoserooksa linearstructursproduoed

by the crenulationof chloriteand micaflakesis consis—

tentlydeveloped(Plate11). Thla llnear etroctureappeare

to be coaxialwiththe localplungedirectionof the major

folds (fig.3) (Plate14). Othercrenulationeoccurin

the echists,notablykinkbands,but theirorientatlonis

lesssystematioand theirsignificanceis not understood.

In the flatterparteof the limbsof the complimentary

antiformto the northof the LSkkenSynform,a good crenu—

lationcleavageis observed. This intersectethe fl schis—

tosityto forman f2 lineatIon. Thie cleava,:eis almost

vf,rtical,strikeseast—westand a:proximatesto the axial

eurfaceof th• f2 folls. Smallscalsminorfolds,of the
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f schistositytwith a vave lengthof leasthan1 •.,arm1

aleoquitecommonin the thinlylaminatedechiete(Plates

15, 16, fig. 9). No minorfoldeare foundin the massive

basiometavolcanioeof the StarenOroup.

An f2 cleavageoan be søsnin the foldedschistsat

Oetlion the Rorvandetraad section(Plate16). The schistet

vhidhstilldieplaya primsrysedimintarybandingthave

been foldedby the fl movementsand a schistoglityhas been

developedwhiohis here parallelto the primarybanding.

This indlcateethatthisexposurelieson the limbof an

leoclina1fold. The beds havethen subsequentlybeen dø—

formedhy the f2 movements. Duringthlsfoldingan f2

cleavae developedwhichis parallelto the axialplanee

of thesef2 folds.

Whenthe orientationdatafrom the measurementsof

f2 crenulationsis analysedin sub—areasit is søenthat

the plungeof the L8kkønSynformvariesin an east—west

direction. This featureis displeyedby analysingthe f2

crenulationdataobtainedfrom ths Drageetarea and from

the Rorvandetroad seotion(fig.3). thirdminorstage


of foliingasy be inferredfrom thievariationof plunge.

This supposedf3 deformationia ehownsolelyby the

variationin thø plungsof the f2 folds. This may bø

interpretedas beingcausedby a seriesof minorbuokles
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havingnorth-southtrendingaxes. On the othørhand,ehen

it ls oonsideredthat the f2 deformationswere in fact pro-

ducedby a buoklingprooess,then thisslightvariationin

plungeoonldbø interpretedas beingdue to anti-olastic

bønding(fig.7). This wouldthenbø a prodnotsolelyof

the f2 movementsand thus therewouldbe no needto postulate

the presenceof any f3 movements,for whiohthøreis no

othørevidence.

The massivepyriteore-bodiestendto occuralonga

line parallelto the fi linearstructures,that is,along

the lineconneotingDramet, Lekkenand Holdalmines. This

lineis slightlyobliqueto the hingelineof the f2 Lekken

Synform. The ore-bodiesthemselvesare •lonsatein an

east-westdirectionand tendto be flattenedin the plane

of the primarylayering. It is probablethatthe marked

east-westelongationis not a oonsequenceof tectonicatrain

alone; it may reflecta surfaolfeaturepresentat the time

of formationof the ore-bodies,for example,an east-west

elongetetrough. This statementassumesa sedimentary

originfor the ore-bodies,thisbeingthe subjectof much

disouseion. The f1 stretohingmay,nevertheless,be the

oauseof the pinchand swellnatureof ors-+bodiesalong


theiraxes.

It is clearfrom the asymmetryof the LekkenSynform

that considerablevariationsin the thicknessof the Stbren
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Groupvolcanicplleexistewithinthe area. The thlokness

of the pillowlavas'inthe steeplydippingnorthernlimb

of the synformis considerablylesuthanin the moregently

dippingsouthernlimb. This can be seenfrom a oritical

examinationof the geometryof the fold. It is suggested

thereforethatthe metavolcanicsthinrapidlynorthwarde

and lessrapidlywestwards,and thlshas Isd to a well

definedaxialeurfacetraceof the synformvery closeto

the northerncontaotbetweenthe metavoloanicsand the

structurallyunderlyingRovinGroupmetasedimente.

(o) 1112_1212.12Thruste


The f2 foldeappearto have formedby a bucklingprooess,

in a less ductile•nvironmentthan the f1 folds. Å late

stagein the developmentof thesef2 foldewas the format—

ion of thruetfaultswhichappearto have allowedrelief

of materialfrom the ooresof thesestruoturee. Pield

evidence,in the fora of dragfolds,suggestathat someof

thesethrustehave movedfram northto southand others

from southto north. It ie possiblethatoppositesenses

of movementmay exieton sithersideof someof the thrust

planesin the area.

Thle phenotenonof movementsin oppositesenseson a

singlethrustplanecan be ssenon the soaleof a single

exposurein a road sidequarryto the southof Svorkmoon

the road to Drageetmoen.
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The most ertensiveknownthruetplan.in the areala

the one whiohocourein the proximityof the Lekk•nOTe 

body. This thrust,whiohdipegentlywestwards,inter-

sectethe mineworkingeut variouelevele. Low anglethruste

are obeervedat a numberof localitieewithinthe basio

metavolcanice(Plate17),but pcor expoeuremakeeit impos-

eibleto tracethesefor any distanoe.

A thruetplaneie expoeddabout1 ta. to the eouth

of Dambuslettet,on the northernjunctionof the albite

doleritewith the epiliticlavas. Herethe thruetplane

is compositeand enoloseswithinitselflensesof

rock. Directlybeneaththe majorlineof dielocationa

very schletoserook pocurewhichappearsto containchloritold.

Only one otheroocurrenoeof thie mineralwas notedwithin

the lAkkenAreaand thiewae in the metasedimenteto the

northof Lekkenalongsidethe road to Svorkmo.

At Dambusletteta thruetie exposed. Wherethiscuts

a jasperlensthe originallyr~sive rockhas beenfragmented

and has then subsequentlybesn re-cementedtogetherby coareely

cryetallinemagnetite.

(d) aulti and Jointi

The area is out by a numberof north-southtrending

faults. Theseare relativelyeasilydetectedeincethey

cut acroesthe etrikeof the rocks,and are frequentlymarked

by tonographicdepressions(Plate18 and 19).
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Ocoasionallymappablehorizonsoan be seento have

been displacedby faulta. However,manymorefaultethan

are shownon the map probablyexist,but theirrecognition

is preventedby poor ezpoeure.

Localit1eedo ex1stwhersthe actualfaultsurfaces

are exposed,but theseare rare and more oftenthe fracture

sone ie not erposed,and in suchoasesthe faultmustbø

postulatedon the bas1sof the mappedrelationehipbetween

adjacentrock types.

In somecaseslt ie difficultto decide,becauseof

poor exposure,whethera horisonof rockis naturallyd1s—

continuoueor whilthera continuousband formerlyeristed,

but hae been subsequentlybrokenup by faulting. ellohis

the casewith the conglomeratebandsin the Dragsetarea.

In severaloasesthe conglomerateformea distinotridge

which can easilybe tracedalongstrlke. Theseridges

then cometo abruptendeand invariablyno traceoan be

found of the rooktypewithinthe areaof flat,marshyground

into whichthe ridgeshouldsupposedlypass. In certain

circumetancesthis phenomenonhas been internretedby the

authoras beingcausedby faultingdieplacingthe horisons.

Thue when the bind of albltedoleriteie tracedilongstrike,

it 1- foundthatwhilstin generalthe outcropof the dolerite

1s markedby a topographicdepreesion,in rarecasesthie

same rocktypeformea distinctiveridge.
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The rooksare extensivslyjointedbut it is really

only poseibleto reoogniseone eyetematiojointsot. This

ie the set of orose—joints(Plate20),whiohis oriented

perpendioularto the looalplungsdireotionof th, f2 fold

struotures(fig.4). Th• otherjointsappearto be fairly

randomin theirorlentation,althoughsomosuggestionof

the exietenceof a longitudinalset le obtainødfrom ths

stereographioprojeotionof the poleeto the jolntsurfacres

(fig.5).
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f, Fold in a quartz vein

refolded by the I, deformation
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Ana ais of the ?truoturalOrientationData

The orientaticndata obtainedfromthe areamapped

by the authorwas sub—dividedintofourclassestnamelys

(i) SehistosityPlanes
(19 Crinklelineationson schistosityplanes
(iii Long axesof deformedlinearstructures

(fl stretchdirection)
(iv) Jointplanee

A amallnumberof kinkband orientationsand f1 plunge

directionswerealermeasured.

Initia!lytthe data collectedwas plottødas equal

areastereographicprojections(figs.2-6). Rowever,ln

additionto thistthe analysisof the datawas attempted

usingthe oollegecomputørfaoilities. This workwas mainly

carriedout by Ruttertbut the reaulteof the projectto

datewillbe discuseedtwith epecialreferenceto the results

obtainødfromthe data collectedfromthe Dragaetarea.

All the orientationdatawas initiallyprocessedusing

a modifiedvereionof a programmedevisedby Loudon. Thie

programmetwrittenin PORTRA1;Itt producedbasioallythe

followingcalculatedfunctionss

Thø orientationof the principalaxesof the distribut—

ion of points(eitherpoløsto planesor dirtotorientation

of linearstructures). The varianceof the distribution

for all the axeswas aleocalculated.

The orientationof the axis and apicalsngleof the

best—fitoone to the distributiontthatis the coneon which



the datamostnearlylies; the variancewas againdetermined.

(iii) å contouredWulffdiagramwas produced.

The resultsobtainedemphasieedthe originalsuppoelt—

ion thatthe programme,as it thenexisted,was far from

satisfactory. The Wulffdiagramwas totallyuneatiefaotory

sinoeit wau contouredwithreferenoeto the distributionof

pointeon the equatorialplansratherthanon the surfao•of

the sphere,and hencethe oontoureddiagramproducedwas

mulaninglees.The best—fitconewas a funotionof rather

unoertainsignificanoeexoeptwhon consideringoriontation

datafromfoldedlayers,as in the of the schistosity


data. Even in thisoase the orientationof the derivedoone

bore littlerelationshipto the knownstructure. Whenthe

unimodaldistributionswere considøred,for example,the f2

crinklelineationdata,the resultsappearedto be completely

randomand thereforeof very llttlesignifloanos.

The prinoipalaxesof the variousdistributione(fig.8)

on the otherhanddid showsomeoonsiderabieoorrelation,

both betwøsnthe varioussetsof dataand aleowiththe struo—

turalpatterneas determinedby classicaltechniques. It is

especiallyinterøstingto noticethatthe divergenceof the

plungedirectionot themajorf2 fold,ae shcenby the f2

crinklelineations,measuredfrom the Drageetareaand the

Rorvandetroad eection,is particularlywell shownby the
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differenc•in the orientationeof the majorprincipalaxee

of ths two distributions.

The main problemwiththe methodof analysisof data

usingthe abovetechniquesis the influenoeof non—random

dataon the results. Thereare no facilitiesfor the

randomleationof data incorporatedintothe programme. This

is especidlyimportantin an area auchas the one currently

underconeiderationeincethe exposureis eo poor. In

euchan areathereforethe datatendsto be collectedat

ieolatedstations,non—randomlyeituated,and at thesestations

as much data as is availablele collected.

The effectson an analysis,suchas has beenattempted

here,of non—randomdata are particularlyimportant. Data

of thisformwill tendto produceverydistortedresulte

where statistioalmethodsare used.

A good exampleof the effeotsof non—randomdatacan

be eeenin the røsultsobtainedfor the principalaxesof the

f2 orinklelineationdata. Two setsof datawere analyeed,

namelythatcollectedfromthe Dragsetareaand thatfrom

the Rorvandetroad section. Whenthe clrivedaxesare plotted

onto a stersographicnet, severalinterestingfeaturesoan be

seen. The majorprincipalaxesshowgoodaoheementbetween

themselvesand alsowith the knownetructurs;theytrend

parallelto the f2 foldaxie. mi.Qor:1ndintermediate

axes,in contrast,ehowvery littlacorrelationwith•ach
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otheror with the fold geometry; Loudonsuggeststhat the

majorand minor :;xesof a distributionsuchas this ehould

lie ln the axialplaneof thefold. When it is remembered

thatboth theseseteof datawers obtainedfrom supposedly

the samefoldødstructureit ie obviousthat someinconeis—

tencyexists. The presentauthorsuggeststhatthis ls a

directconsequenceof the factthatwhereasthe datafrom

the Dragsetareawas collectedfrom both.thenorthernand

southernlimbsof the synformtthe datafrom the road eection

came solelyfrom the much eteepernorthernlimb of the etructurs.

A furtherproblemariseswhon the questionof minorfolde

is introduced. In the areaunderconsiderationthe limbe

of the majorstructure,the LakkenSynform,are virtually

straightand thereare few minorfoldson the limbs. Rowevert

in an areawitha •ignificantamountof r.aloorfoldingtthese

minor structureswouldeffectivelyhaveto be removedfrom

the data beforean analyeleof the geometryof the i-;;Ljoretruc—

ture couldbe undertaken. This operationcouldbe carricd

out by constructingthe inflectionsarfaceto the minorfolds

and analyeingthie. The problemeintroducedwhen thereare

severalordersof mlnorfoldspresentare obvious.

It is thusclearthat the angysis, at;initiallyattempted,

is of very limitedvalue. Work is currentlybeingundertaken

by Rutterto developa more satiefactoryprogrm~ to oroduce

an equalareatcontouredetereographicprojection. Thie will
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havs tec importantoharacteristlos,namelythat the data

will be randomisedand secondlythat the diagramwillbe

contouredusinga pointcountingprooessoperativeon the

surfaceof the aphereof projection,ratherthanon the

•quatorialplane. The randomisabionof data is to te

initialiy attemptedon a geographioalbasis. Thiswill

involvethe inclusienof geographioaloo—ordlnatesin all

the itemsof data.
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andConolusions

The inrestigationsln the.L8kkenArea are stillin

a preliminarystate,and muchwork is st111requiredbefore

the geologyof the areais fullyunderstood.

The prinoipaladvancesmude duringthe 1967lnvem—

tigationswerefiretlythe •stablishi~tof the f1 axial

direction,a problemmuchdiscussedby Rutt•r(1966). Tha

intrusiveoriginof the albitedoleriteis now, in the opinion

of the author,olsarlyestablished. The schisteto the north

of laken and Drageetare now knownto youngconsistentlyto

the northand thereforetheyoan no longerbe regardedas

belongingto the RerosOroupeincetheyare youngerand not

olderthanthe HovinOroupof sediments.

The most importantproblemstillrequiringltrestigat—

ion is the feasibilityof •stablishinga stratigraphioal

subdivisionfor the 8t8renOroupof rooks. The resultsof

the geochemloaland oetrograph1cstudieebeingcurrently

undertakenby Dr. W. Skibanay providea partialanswerto

this question.

An extensionof the areaait-wedin detail,to the north

and west of the Drageetarea,is clearlychsirable,especially

in orderto determinethe natureof the aoldrockeknownto

existto theweet. The relationshipof theserooksto the

basio metavoloanicsshouldalsobe investigated.
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